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(57) ABSTRACT 

According to the present invention, there is a methylcellu- 
lose having a methoxy substitution of about 21 to about 42 
percent based upon the weight of the cellulose ether and 
elastic modulus (EM) of EM^181,3x(v°-^'''') wherein 
is viscosity of a two percent solution of the cellulose ether 
at 20* C. Further described is a process for making the 
cellulose ether, a food composition containing it, and a 
pharmaceutical capsule containing it. 
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PROCESS FOR MAKING CELLULOSE 
ETHER HAVING ENHANCED GEL 
STRENGTH 

FIELD OF THE INVENTION 

The present invention relates to a cellulose ether having 
enhanced gel strength and a process for making. 

BACKGROUND OF THE INVENTION 

Cellulose ethers have been employed as additives to food 
compositions and processes to provide physical properties 
such as thickening, freeze/thaw stability, lubricity, moisture 
retention and release, film formation, texture, consistency, 
shape retention, emulsification, binding, suspension, and 
gelation. 

A physical property important in some food compositions 
is gel strength or elastic modulus. This property relates to the 
strength with which a cellulose ether binds or holds food 
particles together. Efforts to significantly increase gel 
strength for conventional cellulose ethers beyond levels 
observed for given viscosity grades have been largely unsuc- 
cessful. 

Having a cellulose ether which exhibits enhanced gel 
strength for given viscosity grades would enable food com- 
positions with superior binding, consistency, and shape 
retention to be developed. Also, viscosity contribution and 
cellulose ether concentrations could be reduced in food 
compositions while maintaining desired gel functionahty. 

It would be desirable to have a cellulose ether which 
exhibits elevated gel strength for a given molecular weight 
or viscosity grade. It would also be desirable to have a 
process for making the cellulose ether. 

SUMMARY OF THE INVENTION 

According to the present invention, there is a methylcel- 
lulose having a methoxy substitution of about 25 to about 42 
percent based upon the weight of the cellulose ether and a 
viscosity (v) to elastic modulus (EM) relationship of 
EM^181.3x(v°-^''^^). means "greater than or equal to." 
Viscosity is for a 2 percent aqueous solution at 20° C. EM 
corresponds to gel strength. 

Further according to the present invention, there is a 
process for making a cellulose ether. The process comprises 
the following: a) contacting a cellulose pulp with a first 
amount of aqueoiis alkaline hydroxide at reaction conditions 
sufBcient to alkalize it to a first level of alkalization which 
is about 20 percent or more of a total level of alkalization; 
b) contacting the cellulose pulp of first level of alkalization 
with a first amount of a methylating agent at reaction 
conditions sufiScient to form a cellulose ether having a first 
level of methoxy substitution which is about 20 percent or 
more of a total level of methoxy substitution; c) contacting 
the cellulose ether of first level of etherification with a 
second amount of aqueous alkaline hydroxide at reaction 
conditions suf&cient to alkalize it to a second level of 
alkalization which is about 40 percent or more of the total 
level of alkalization; and d) continuously or incrementally 
contacting the cellulose ether of second level of alkalization 
with a second amount of a methylating agent over a period 
of time at reaction conditions sufiBdent to form a cellulose 
ether of the second level of methoxy substitution which is 
about 40 percent or more of the total level of methoxy 
substitution, the second amount of the methylating agent 
provides about 20 percent or more of the total level of 
methoxy substitution; the second amount of the methylating 
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agent is contacted with the cellulose ether of second level of 
alkalization at about 65° C. to about llO** C. for 15 minutes 
or more. 

Further according to the present invention, there is a food 
5 composition comprising a foodstuff and the present cellulose 
ether. 

Further according to the present invention, there is a 
pharmaceutical capsule comprising the present cellulose 
ether. 

10 

DESCRIPTION OF THE DRAWING 

The FIGURE is a graphical representation depicting the 
elastic modulus of cellulose ethers of the present invention 
and those of the prior art. 

15 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides novel cellulose ethers 
having elevated gel strength for a given viscosity grade and 
substitution type and level compared to that of conventional 
cellulose ethers. The cellulose ethers are useful in conven- 
tional cellulose ether applications, particularly in food com- 
positions and pharmaceutical capsules. 

For purposes of the present invention, a cellulose ether i 
s a cellulose ether with a methoxy substitution of about 21 
to about 42 weight percent based upon the weight of the 
cellulose ether. More preferred cellulose ethers have a 
methoxy substitution of about 21 to about 35 weight percent 
and most preferred cellulose ethers have a methoxy substi- 
tution of about 25 to about 35 weight percent. Methoxy 
substitution is determined according to ASTM D2363-72. 

Cellulose ethers having viscosities of up to about 1,000, 
000 centipoise (cP) in a two percent aqueous solution at 20° 

25 C. can be prepared in the present invention. Preferred 
cellulose ethers may have viscosities of about 1 to about 
600,000 cP (two percent solution). Most preferred cellulose 
ethers may have viscosities of about 1 to about 100,000 cP 
(two percent solution). Viscosities of aqueous solutions are 
determined by Ubbelohde tube according to ASTM D1347- 
72 and D2363-79. 

A useful embodiment of the present cellulose ether is a 
methylcellulose. The methylcellulose has a non-methoxy 
substitution content or level of about 1 percent or less by 

45 weight and preferably about 0.2 percent or less by weight 
based upon the total weight of the methylcellulose and is 
most preferably substantially free of non-methoxy substitu- 
tion content. Non-methoxy substitution includes but is not 
limited to hydroxyethyl, hydroxypropyl, and hydroxybutyl 

5Q substitution. 

The present methylcellulose can exhibit an elastic modu- 
lus (EM) in a 1.5 weight percent aqueous solution according 
to the following: EM^181.3x(v°-^'''); preferably 
EM^222.9x(v°=^^^^); and most preferably EM^490.6x 

55 (v^-^'^^^) wherein "v" is viscosity of a 2 weight percent 
aqueous solution at 20** C. EM corresponds to gel strength. 
The above relationships are depicted graphically in the 
FIGURE along with an analogous relationship for conven- 
tional methylcellulose. The relationship for conventional 

60 methylcellulose is representational and deemed to be an 
approximate average since actual viscosity to EM relation- 
ships for various conventional methycellulose specimens 
will vary to some degree in a range above and below the 
indicated approximate average. DEM in the FIGURE cor- 

65 responds to EM. 

EM is determined by measuring the storage modulus of a 
1.5 weight percent aqueous solution of the cellulose ether in 
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a dynamic rheometer. Techniques for measuring elastic An important aspect of the present invention is the 

modulus (storage modulus) are described in Kinetics of process by which the cellulose ether is made. This process 

Thermal Gelation of Methylcellulose and Hydroxypropyl- differs from that conventionally employed to make cellulose 

methylcellulose in Aqueous Solutions, Carbohydrate ethers. In conventional processes, cellulose pulp is com- 

Polymers, volume 26, no. 3, pp. 195-203, which is incor- 5 pletely alkalized with sodium hydroxide and ethenfied with 

porated herein by reference. ^^^^hyl chloride. In the present process cellulose pulp is 

^ „ , , , . , , 1 . L partially alkalized and partially ethenfied with alkalme 

Cellulose ethers which can be made by the process of the hydroxide and methyl chloride in a first stage or step and 

present mvention mclude but are not limited to methylcel- ^^^^^^ alkalized and further etherified with additional alka- 

lulose (MC), hydroxypropylmethylc6llulose^(HPMC), hydroxide and methyl chloride to the desired level of 

; hydrpxycthylmethylcellulose:(HEMC), and methylethylcel- lO ^Q^pi^^^^^ ^ ^^^^ ^^^^^ ^^^^^^ ^^^^^^ chloride is 

lulose (MEQ. continuously or incrementally introduced over a period of 

Another useful embodiment of the present cellulose ether time at certain reaction conditions in a second or later stage, 

is a hydroxypropylmethylcellulose (HPMC). Hydroxypro- ^he raw material used to make the present cellulose ether 

pyl substitution is preferably about 32 weight percent or less, ^ cellulose. Cellulose pulp is typically obtained from wood 

more preferably about 1 to about 14 weight percent and most p^jp ^ ^ cotton. The pulp is preferably provided in a powder 

preferably about 3 to about 12 weight percent based upon the ^^^^ ^qq^ p^^p preferred, 

total weight of the cellulose ether. alkalization and etheriflcation of the cellulose pulp is 

Although not bound by any theory, the enhanced physical carried out in a stepwise manner in stages, A "stage" refers 

properties of the present cellulose ethers may come from a to a two-step reaction sequence in which an alkalization 

greater degree of "blocking" or periodicity in methoxy reaction and a methylation reaction take place. A stage 

substitution distribution in its polymeric stmcture than in the effectively advances or increases the level of methoxy 

structure of conventional cellulose ethers. The disclosed substitution of the cellulose pulp or a partially etherified 

process may induce the formation of such blocking, cellulose ether. Optionally, other types of etheriflcation such 

The present cellulose ethers can be soluble in any of ^5 as hydroxypropyl substitution can be effected along with or 

water, polar organic solvents, and mixtures thereof depend- in addition to methoxy substitution, 

ing upon the type and degree of substitution of the cellulose cellulose pulp is alkalized in two or more stages in 

ethers. one or more reactors with an alkaline hydroxide, preferably 

In addition to enhanced gel strength, preferred cellulose sodium hydroxide. The pulp is partially alkalized in the first 
ethers may exhibit lower gelation temperatures than con- 30 stage and alkalized to a desired, total level of completion in 
ventional cellulose ethers of equivalent viscosity and sub- a second stage or a later stage. The pulp may be alkalized 
stitution. Lower gelation temperature is a desired and pre- with alkaline hydroxide by any means known in the art such 
ferred but non-essential feature of the present invention. as steeping in a bath or stirred tank containing aqueous 
Reduced gelation temperature is useful in food manufacmr- hydroxide or spraying aqueous hydroxide directly on dry 
ing and processing. Food compositions can be gelled at 35 pulp. Reaction time varies according to hydroxide 
lower temperatures saving energy and processing time dur- concentration, temperature, and retention time. The aqueous 
ing heating/cooUng cycles. Further, food compositions can hydroxide is preferably used at an alkaline hydroxide con- 
retain form at broader temperature ranges during processing. tent of about 30 to about 70 percent by weight based upon 
Gelation temperature is determined by heating a 1.5 percent the weight of the water. The temperature of alkylation 
by weight percent aqueous solution of the cellulose ether 40 preferably ranges from about 30* C. to about 110° C. and 
and observing the narrow temperature range at which gela- most preferably about 30° C. to about 90° C. Uniform 
tion takes place. swelling and alkali distribution in the pulp may be controlled 

Preferred cellulose ethers may also exhibit longer melt- by mixing and agitation. The rate of addition of aqueous 

back times than conventional ceUulose ethers of equivalent alkaline hydroxide may be governed by the abiUty to cool 

viscosity and substitution. Meltback time generally refers to 45 the reactor diuing the exothermic alkalization reaction. The 

the length of time required for a gel of a cellulose ether to rate of addition of hydroxide is not critical to the present 

melt while cooling to an ambient temperature. Preferred invention. If desired, an organic solvent such as dimethyl 

cellulose ether may even be stable (no meltback) at ambient ether may be added to the reactor as a diluent and a coolant, 

temperature (72° F. (22° C.)). Longer meltback time or If desired, the headspace of the reactor or reactors may be 

stability to meltback arc desired and preferred but non- 50 evacuated or purged with an inert gas such as nitrogen to 

essential features of the present invention. Longer mehback control oxygen-catalyzed depolymerization of the cellulose 

time or stability to meltback at ambient temperature is useful ether product, 

in food processing and manufacturing. Gelation can be The alkylated cellulose pulp is etherified (methylated) in 
maintained over a wider temperature range and longer and two or more stages in one or more reactors to form a 
better retention of texture during food processing and con- 55 cellulose ether. Reaction time for etherification wiU depend 
sumption are possible. Meltback time is determined accord- on concentration, pressure, temperature, and retention time, 
ing to the following: provide 15 grams of a 1.5 weight The primary etherifying agent is a methylating agent such as 
percent of an aqueous solution of the cellulose ether in a 20 methyl chloride or dimethyl sulfate. Methyl chloride is 
milliliter beaker, heat the solution for 8 minutes in boiling preferred. The methylating agent may be added in a batch 
water — the solution will gel in the beaker; invert the beaker 60 load at one time or continuously or incrementally over a 
onto a fiat surface in an ambient temperature environment; period of time in one or more stages but must be added 
allow the gel to cool and subsequently melt to form a puddle continuously or incrementally over a period of time in at 
on the surface. Meltback time is measured from the time least one stage after the first stage, preferably in the second 
cooling begins (removal from the boiling water) to when a stage. "Batch load addition" means addition substantially 
clear puddle forms. A gel is said to be stable to meltback if 65 without pause over a relatively short period of time, "Con- 
it cools to ambient temperature and resists melting for 8 tinuous addition" means addition substantially without 
hours or more. pause over a longer period of time. "Incremental addition" 
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means periodic addition of smaller, discrete amounts over a It is also possible to have processes with four or more 

longer period of time. The alkaline hydroxide and the stages. The first stage of such a process would be carried out 

methylating agent may be added to the reactor at the same in the same manner as the first stage in the two-stage process 

time but are preferably added sequentially with the alkaline described above. One or more of the subsequent stages 

hydroxide being added first and the methylating agent 5 would be carried out in the same manner as the second stage 

second. in the two-stage process described above (the methylating 

A two-stage process is the prefeixed process for making agent is added continuously or incrementally over a period 

the present cellulose ether In stage one, the aqueous alkaline time), 
hydroxide and the methylating agent are reacted in sequence 

with a cellulose pulp to form a partially etherified cellulose 10 TABLE 1 

ether of a first level of methoxy substitution. Each of the ^ ^, 1. . n d 

, , , i - 1 111 Some Useful Emfaodimentfi of the Process of the Present Invention 

alkalme hydroxide and the methylatmg agent may be added 

in stage one in a batch load at one time or continuously or Embodunents 

incrementally over a period of time. The rate of addition is 

not critical. The reaction temperature in the first stage is 15 #1 #2 #3 #4 #5 #6 #7 #8 

preferably controlled so that generally uniform contact and partial aikaiization in first stage; xxxxxxxx 

reaction can occur between the alkaline hydroxide/ addition of alkaline hydroxide 

methylating agent and the cellulose pulp. In the second partial cthcrification in first stage; x x XX 

. , - . 11 1- t- J 'J batch load addition of methylatme 

stage, additional amounts of the aqueous alkaune hydroxide ^^^^^ 

and the methylating agent are reacted with the partially 20 partial cthcrification in first stage; XX x x 

etherified cellulose ether to form a cellulose ether with a continuous/incremental addition of 

second level or desired, total level of methoxy substitution. methylating agent ^ ^ ^ ^ ^ ^ 

™ 11 1 • u J 'J u J • *u J * ■ partial aikaiization in second stage; X X X X X X 

The alkalme hydroxide may be added m the second stage m l^.^^^ ^ydro^ 

a batch load at one time or continuously or incrementally partial etherification in second x x x x x x 

over a period of time. The rate of addition of hydroxide in 25 stage continuous/incremental 

the second stage is not critical. The methylating agent must, ^'^^'.^^"'^ f niethyiating agent 

, 1 11 J 1 ' .11 partial cthcrification in second X X 

however, be added contmuously or incrementally over a ^^g^. ^^.^ ^^^^ continuous/ 

period of time in the second stage to form the present incremental addition of methyiat- 

cellulose ether. The methylating agent is added in the second ing agent 

stage at about 65° C. to about 120*^ C. (temperature of 30 partiai aikaiization in Uiird stage; x x x x 

^ ^ . ^ \ ^ ^ c • ^ r \.i 4. addition of alkalme hydroxide 

contents witmn reactor; at mmutes or more; preieraDiy at p^^^i .^herification in third X X 

about 75° C. to about 100° C. at 20 minutes or more; and stage; continuous/incremental 

most preferably at about 80° C. to about 90° C. at 25 minutes addition of methylating agent 

or more. Although the methylating agent can be added partial cthcrification in third stage; X X 

1 . ^11 - ji r batch load or continuous/incre- 

contmuously or mcrementally over any extended penod of 35 „,„tal addition of methylating 

time in the second stage, it is preferred for reasons of time agent 

economy to carry out the addition in about 120 minutes or single reactor for ail stages x x x x 

less, more preferably in about 60 tninutes or less, and most separate reactor for each stage x yi x x 

preferably in about 25 to about 45 minutes. After addition of 

the methylating agent in the second stage, etherification can 40 Cellulose ethers such as hydroxypropylmethylcellulose, 
be carried out at any temperamre at which the reaction can hydroxybutylmethylcellulose, methylethylcellulose and 
proceed, but it is preferred for reason of time economy to hydroxyethyhnethylcellulose can be prepared by reacting 
carry it out at about 65° C. to about 120° C. and more the cellulose pulp or partially etherified cellulose ether with 
preferably from about 80° C. to about 90° C. Temperature another etherifying agent in addition to the methylating 
within the reactor can be determined by means such as a 45 agent (also an etherifying agent). Useful etherifying agents 
thermocouple which protrudes into the contents (cellulose include ethyl chloride, ethylene oxide, propylene oxide, and 
pulp/cellulose ether mass) of the reactor. In a preferred butylene oxide. The other etherifying agent can be reacted in 
two-stage process, both stages are carried out in the same any stage before, during, or after reaction by the methylating 
reactor. Preferably, about 20 to about 80 percent of the total agent at process conditions sufficient to effect the desired 
methoxy substitution is carried out in the first stage and 50 reaction. The other etherifying agent may be added to the 
about 80 to about 20 percent in the second stage. More reactor in a batch load or continuously/incrementally over a 
preferably, about 40 to about 60 percent of the total methoxy period of time. Preferably, the other etherifying agent is 
substitution is carried out in the first stage and about 60 to reacted in the first stage. Preferably, the other etherifying 
about 40 percent in the second stage. Some embodiments of agent is reacted before or along with the methylating agent, 
two-stage processes are described in Table 1. 55 The methylating agent and any other etherifying agent 
A three-stage process is also useful for making the present may be added to a reactor in a liquid or vapor form. Liquid 
cellulose ether. The first stage is carried out in a manner form is highly preferred. The reactor is preferably main- 
similar to that of the first stage in the two-stage process lained at pressures such that the agents remain predomi- 
described above. Either or both of the second and third nantly in liquid phase- 
stages are carried out in the same manner as the second stage 60 After etherification, the cellulose ether is washed to 
in the two-stage process described above (the methylating remove salt and other reaction by-products. Any solvent in 
agent is added continuously or incrementally over a period which salt is soluble may be employed, but water is pre- 
of time). In a preferred three-stage process, about 20 to about ferred. The cellulose ether may be washed in the reactor, but 
60 percent of the total methoxy substitution is carried out in is preferably washed in a separate washer located down- 
each of the first and second stages and about 5 to about 30 65 stream of the reactor. Before or after washing, the cellulose 
percent in the third stage. Some embodiments of three-stage ether may be stripped by exposure to steam to reduce 
processes are described in Table 1. residual organic content. 
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The ceUulose ether is dried to a reduced moisture and 855-1281R (published in 1981); METHOCEL Food Gums 
volatile content of preferably about 0.5 to about 10.0 weight In Non-Dairy Whipped Topping, Form No. 192-877-482 
percent water and more preferably about 0.8 to about 5.0 (published in 1982); METHOCEL Food Gums In Fried 
weight percent water and volatiles based upon the weight of Foods, Form Nos. 1 92-875 -4S2 and 192-881^82 (all pub- 
cellulose ether. The reduced moisture and volatiles content 5 lished in 1982); METHOCEL Food Gums In Salad Dress- 
enables the cellulose ether to be milled into particulate form. ings and Sauces, Form Nos. 192-876-482, 192-880-482, and 
The cellulose ether is preferably dried at a temperature of 192-905-1282 (aU published in 1982); and METHOCEL 
from about 40*^ C. to about 80** C. Useful dryers include tray po^^j q^j^^^ Bakery Products, Form Nos. 192-874-482 
dryers, fluid bed dryers, flash dryers, agitation dryers, and ^nd 192-878-482 (all published in 1982). The teachings of 
tube dryers. iq ^11 the above publications are incorporated herein by refer- 

The cellulose ether is milled to particulates of desired ence. 

size. If desired, drying and milling may be carried out Cellulose ethers particulariy useful in food compositions 

simultaneously. MiUing may be accomplished by any means methylcellulose and hydroxypropylmethylcellulose. 

known in the art such as a baU mill, an mipact pulvenzer, cellulose ethers are typically used in food compositions at 

knife grmder, and air-swept impact mill. 15 ^^^^^^ ^1^^^^ q ^^out 5 percent based upon the total 

The present invention distinguishes the prior art. U.S. Pat, weight of the food composition. 

Nos. 4,456 751; 4 477,657; and 4 661,589 relate two-stage ^^^^^^^ ^^^^^ ^^^j ^^^^ appUcations such as 

processes for making hydroxyalkylceUuloses wherem an building products, industrial products, agricultural products, 

alkylene oxide is added contmously m the first stage and ^^^^^^^^ 

another etherifying agent such as methyl chloride IS added 20 ^,^^^^,1 y^^f^, pharmaceutical applications 
contmuously m the second stage. The present process dis- ^^^^^^ cncapsulants, tablet coatings, and as an 
tinguishes those processes in part m that a^^ .^^^ medicaments and drugs. UseM excipient 
such as methyl chloride is^^^^^^^ ^J-^^^ ^^^^^^ sustained-relea^ and timed-release 
stages. U.S. Pat.. No. 4,661,589 also relates a two stage ^^^^^^ ^^^^ apphcations include drywall tape- 
process wherem propylene oxide and a diluent of partia 25 ■ compounds, mortars, grouts, cement plasters, spray 
methyl chloride content are added m vapor phase m a fi^t ^^^^^^ ^dh^sWcs, pastes, and walVceiling 
stage and methyl chlonde is added continuously m the ^.^^^^zers. Useful industrial applications include binders 
second stage. The present process distmguishes that process processing aids for tape casting, extrusion forming, and 
in part in that the quantity of methy la ting agent added m the • ij- j • n r 1 ™*™ 1*, 1 r 
„ ^ . J^. ^ / J 1 1 r 1. miection molding and ceramics. Useful agricultural appU- 
nrst stage is sufiBcient to provide a level of methoxy sub- 30 • 1 j ju * j ^* m* • 

. . ^ , . , . , ^r. I- J - J . . 1 cations include spray adherents and suspending/dispersing 

stitution which IS about 20 percent or more of a desired, total ~ . -j u a.- j ^ n At 

: , - , r™ . J aids for pesticide, hen^icide, and fertimer powders. Useful 

levelof methoxy substitution. The present process produces , \ , j»-iju 

, . ; • . , . . personal care and household products include shampoos, 

cellulose ethers having significantly greater gel strength than f j 1 ■ j * 

, • \ - J . lotions, creams, and cleanmg products, 

prior art cellulose ethers of equivalent viscosity grade and ° 

substitution, German Application 1,060,374 relates a pro- 35 P'^°^ cellulose ethers are particularly useful in 
cess for making water-insoluble methylceUulose wherein compositions for pharmaceutical capsules. Capsules formed 
methyl chloride is added in two stages. The present inven- ^o^^ P^^^^^ cellulose ethers may exhibit substantially 
tion distinguishes that process in part in that a methylating ^^^s distortion after drying than capsules formed from con- 
agent is added continuously/incrementaUy in the second ventional cellulose ethers. Particularly useful cellulose 
stage and the product cellulose ether is water soluble or 40 ^^^^'^ methylcellulose and hydroxypropylmethylcellu- 
swellable ^^^^ molecular weight, i.e. about 3 to about 100 cP 
Tlie present cellulose ether is useful in a variety of food preferably about 3 to about 15 cP in a two percent 
compositions. Examples of food compositions include ^^^^^"^ ^^^^l^^^: molecular weight ceUulose ethers 
^ f ^Ja -^c. ooof^^^. can be prepared directly from the process descnbed above or 
vegetable, meal, and soy patties; reformed seaiood; t j r u 11 hi .l 
reformed cheese sticks; cream soups; gravies and sauces; « ^^J"' P''^"^ ^""^ molecul^ ceUulose ethers via 
salad dressing; mayonaaise; onion rings; jams, jellies, and aad-catalyzed depolymerizat.on. Useful acids mclude anhy- 
synips; pie flJling; potato products such as french fries and '>y'l'°S<=.° chlonde and hydrochlonc aad^ FoUowing 
extnided fries; batters for fried foods, pancakes/wafQes, aid depolymenzation to the desired degree the acid is neutral- 
cakes; pet foods; beverages; frozen desserts; cultured dairy «°<1 '^6 depolymerization stoppal by contact with a 

J f . • ° ,. u . . „u..,., base such as sodium bicarbonate. Useful teachmgs relating 

products such as ice cream, cottage cheese, yogurt, cheeses, 50 , . , , , . , „ , „ ■ 

, 1 • • J 1 • J „ to making low molecular weight cellulose ethers are seen m 

and sour creams; cake icmg and glazes whipped topping; ^ nnnm ii^ ci j t-v i mno u- u • 

leavened and unleavened baked goods; and the like. In ^o^ 09/203,324, filed Dec. 1, 1998, which is 

forming food compositions, the ceUulose ether is typically incorporated herem by reference, 

admixed with foodstuffs during Uie process and formation of CeUulose ether capsules are typically manufactured by 

the compositions. The foodstuflfe may be in any known form 55 dipping hot pins in a cold, aqueous cellulose ether coating 

such as particle form or unitary form. ExceUent teachings to solution or by dipping cold pins in a hot, aqueous cellulose 

the preparation of food compositions with cellulose ether ether coating solution. The solutions gel on the pins and 

and other cellulose ethers are found in the following water evaporates during a drying step to form thin film 

METHOCEL® (trademark of The Dow Chemical layers of dried cellulose ether around the pins. The thin films 

Company) product publications: METHOCEL Premium 60 take the form of caps and bodies, which are removed from 

Food Gums, Form Nos. 192-1037-87, 192-1047-87, 192- the pins and mated to form capsules. Processes for making 

1046-87, 192-1051-87, 192-1050-87, 192-1049-87, 192- capsules are seen in U.S. Pat. Nos, 3,617,588; 4,001,211; 

1053-87, 192-982-87, 192-979-87, 192-985-87, 192-1054- 4,917,885; and 5,756,036, which are incorporated herein by 

87, 192-1048-87, 192-987-87, 192-986-87, 192-989-87, reference. 

192-988-87, 192-87, 192-983-87, 192-981-87, 192-991-87, 65 When drying takes place non-uniformly during the manu- 

192-980-87, 192-990-87, and 192-1052-87 (all pubUshed in facture of pharmaceutical capsules with conventional cellu- 

1987); Selecting METHOCEL Food Gums, Form No. 192- lose ethers, caps and bodies can sometimes become distorted 
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and diflScult to mate or assemble into capsules. Caps and 
bodies formed from the present cellulose ethers may better 
resist such distortion because of their enhanced gel strength. 

Related application 09/283^06, filed Apr. 1, 1999 is 
incorporated herein by reference. 

The following are examples of the present invention. 
Unless otherwise indicated, all percentages, parts, and pro- 
portions are by weight. 

EXAMPLES 

Example 1 

A cellulose ether of the present invention was made with 
the process of the present invention. 

Finely ground cellulose wood pulp was loaded into a 
jacketed, agitated reactor. The reactor was evacuated and 
purged with nitrogen to remove oxygen and then evacuated 
again. The reactor was used in two stages. In the first stage, 
50 percent sodium hydroxide in water by weight was 
sprayed onto the cellulose at a weight ratio of 0.45/1.0 
NaOH/cellulose and the temperature adjusted to 40** C. 
(starting temperature). After stirring the NaOH/cellulose for 
about 10-20 minutes, a mixture of dimethyl ether and 
methyl chloride was added to the reactor with additional 
methyl chloride so that the weight ratio of methyl chloride/ 
cellulose was about 0.64/1.0. The contents of the reactor 
were then heated from 40° C to 80** C. over the next 40 
minutes. After reaching 80° C. (cook temperature), the first 
stage reaction was allowed to proceed for another 30 min- 
utes (cook time). The second stage was effected by adding 
the remainder of the sodium hydroxide and methyl chloride 
and allowing for additional reaction. A second quantity of 50 
percent NaOH in water by weight was added over 10 
minutes at a weight ratio of 0.65/1.0 NaOH/cellulose (the 
cellulose is actually partially etherificd at this point in time). 
A second quantity of methyl chloride was added over about 
35 minutes to a level of 0.90/1.0 weight ratio of methyl 
chloride/cellulose. The reaction was continued at 80° C. for 
an additional 30 minutes (cook time) to complete the etheri- 
fication. Table 2 depicts process information and data per- 
taining to alkalization and etherificalion. 

After the reaction, the reactor was vented and cooled to 
50° C. The contents of the reactor were removed and 
transferred to a tank containing hot water to form a slurry, 
which was subsequently agitated for 15 minutes. This slurry 
was pumped from the hot tank to a filter where it was 
de-watered and washed with hot water to remove the salt and 
organic by-products. The wet cellulose ether was then 
transferred to a dryer where moisture and volatiles content 
was reduced to 1 to 4 weight percent based upon the weight 
of the cellulose ether. The cellulose ether was then ground to 
a particle size of about 40 mesh (420 micrometers). 

The cellulose ether product was analyzed and found to 
contain 31.8 percent methoxy substitution (a methoxy 
degree of substitution of 1.96). It exhibited a viscosity of 
17,000 centipoise (cP) in a 2 percent by weight aqueous 
solution by weight, a gelation temperature (T^,;) of 105° 
F.-108° F. (40.6° C.^2.2° C), and a elastic modulus (EM) 
of 5445 Pascals for a 1.5 percent by weight aqueous 
solution, and a meltback time of 35 minutes. EM corre- 
sponds to gel strength. These physical properties are more 
desirable than those of conventional cellulose ethers of 
similar substitution and viscosity level. Such conventional 
cellulose ethers typically exhibit a T^^^ of about 52°-59° C. 
for a 1.5 percent aqueous solution and a EM of 800-2000 
Pascals for a 1.5 percent aqueous solution. Thus, the cellu- 
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lose ether of the present invention has the advantages of both 
a significantly higher EM and a significantly lower gelation 
temperature compared to a conventional cellulose ether of 
similar substitution and viscosity grade. 
5 In the various examples disclosed herein, EM was mea- 
sured for a 1.5 percent by weight aqueous solution in a 
Bohlin VOR Rheometcr (Bohlin Corp.) with C25 serrated 
bob and cup system. 

10 Examples lA-lD 

Samples of the cellulose ether product of Example 1 were 
depolymerized by reaction with anhydrous hydrogen chlo- 
ride for varying lengths of time followed by neutralization 

j5 with sodium bicarbonate. After depolymerization, a sample 
exhibited a viscosity of 614 cP (two percent solution), a EM 
of 2250 Pascals and a meltback time of 20 minutes. After 
another depolymerization, a sample exhibited a viscosity of 
219 cP, a EM of 1400, a T^,, of 108° F. (42° C), and a 

2Q meltback time of 40 minutes After another 
depolymerization, a sample exhibited a viscosity of 81 cP, a 
EM of 1390 Pascals, a T^^; of 103° E (39° C.) and a 
meltback time of 19 minutes. After another 
depolymerization, a sample exhibited a viscosity of 66 cP, a 

25 EM of 1680 Pascals, and a meltback time of 25 minutes. 
Product properties are set forth in Table 4. 

Example 2. 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except where indicated otherwise in Table 2. 

The cellulose ether product had a methoxy substitution of 
31.3 percent and exhibited a viscosity of 26,000 cP in a 2 
percent aqueous solution by weight, a T^^^ of 34.4° C, and 
a EM of 3740 Pascals and was stable to meltback. These 
physical properties compare very favorably with those of a 
conventional cellulose ether of similar substitution and 
viscosity level. Product properties are set forth in Table 3, 

^0 Examples 2A-2B 

Samples of the cellulose ether end product of Example 2 
were depolymerized by reaction with anhydrous hydrogen 
chloride for varying lengths of time foUowed by neutraliza- 

45 tion with sodium bicarbonate. After depolymerization, a 
sample exhibited a viscosity of 357 cP (2 percent solution), 
a EM of 1080 Pascals, and a meltback time of 50 minutes. 
After another depolymerization, a sample exhibited a vis- 
cosity of 29 cP, a EM of 569 Pascals, a T^,; of 87° F. (31° 

50 C.), and a meltback time of 30 minutes. Product properties 
are set forth in Table 4. 

Example 3 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except where indicated otherwise in Table 2. 

The cellulose ether product had a 29.9 percent methoxy 
substitution and exhibited a viscosity of 30,000 cP (2 percent 
solution), a T^^^ of 89° E (31.7° C), and a EM of 3200 
Pascals and was stable to meltback. Product properties are 
set forth in Table 3. 

Example 4 

65 Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except where indicated otherwise in Table 2. 
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The cellulose ether product had a 32.9 percent methoxy 
substitution and exhibited a viscosity of 11,000 cP (2 percent 
solution), a T^,/ of 122** F. (50^ C), a EM of 3180 Pascals, 
and a meltback time of 17 minutes. Product properties are 
set forth in Table 3. 5 

Example 5 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except where indicated otherwise in Table 2. lo 

The cellulose ether product had a 32.7 percent methoxy 
substitution and exhibited a viscosity of 2600 cP (2 percent 
solution), a T^,; of 118** F. (48*' C), a EM of 1460 Pascals 
and a mellback time of 20 minutes. Product properties are 
set forth in Table 3. 15 



Example 6 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except where indicated otherwise in Table 2. 

The cellulose ether product had a 26.9 percent methoxy 
substitution and exhibited a viscosity of 330 cP in a 2 percent 
aqueous solution by weight, a T^^, of 128* F. (54° C), a EM 
of 1470 Pascals and a meltback time of 8 minutes. Product 
properties arc set forth in Tabic 3. 



Example 7 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except it has an additional (third) stage. 
Process information is set forth in Table 5. 

The cellulose ether product had a 35.4 percent methoxy 
substitution and exhibited a viscosity of 461,000 cP (2 
percent solution), a T^^, of 45' C, and a EM of 6900 Pascals 
and was stable to meltback at ambient temperature. This 
cellulose ether product has the advantages of a significantly 
higher EM and a significantly lower T^^, compared to 



20 



25 



30 



35 



conventional cellulose ethers of similar methoxy substitu- 
tion and viscosity level. Product properties and composition 
are set forth in Table 6. 

Example 8 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except it has an additional (third) stage. 
Process information is set forth in Table 5. 

The cellulose ether product had a 36.1 percent methoxy 
substitution and exhibited a viscosity of 26,000 cP (2 percent 
solution), a T^, of 113° F. (45° C), a EM of 7990 Pascals, 
and was stable to meltback at ambient temperature. This 
cellulose ether product has the advantages of a significantly 
higher EM and a significantly lower gelation temperature 
compared to conventional cellulose ethers of similar meth- 
oxy substitution and viscosity level. Product properties and 
composition are set forth in Table 6. 

Example 9 

Another cellulose ether of the present invention was made 
with the process of the present invention. The process is as 
in Example 1 except it has an additional (third) stage. 
Process information is set forth in Table 5. 

The cellulose ether product had a 34.9 percent methoxy 
substitution and exhibited a viscosity of 25,000 cP (2 percent 
solution), a T , of 95° F.(35° C), and a EM of 7565 Pascals 
and was stable to meltback at ambient temperature. This 
cellulose ether product has the advantages of a significantly 
higher EM and a significantly lower T^^j compared to 
conventional cellulose ethers of similar methoxy substitu- 
tion and viscosity level. Product properties and composition 
are set forth in Table 6. 

While embodiments of the process and compositions of 
the present invention have been shown with regard to 
specific details, it will be appreciated that the present inven- 
tion may be modified while stiU being fairly within the scope 
of the novel teachings and principles set forth herein. 



TABLE 2 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 6 


NaOH/CcUulosc Ratio 


0.45 


0.45 


0.50 


0.45 


0.44 


0.42 


(First Stage) 














Starting Temperatxire 


40 *C. 


40 °C 


40" C. 


40 '*C. 


40 " C 


40 *C. 


(First Stage) 














MeCl/Cellulose Ratio 


0.64/1.0 


0.64/1.0 


0.74/1.0 


0.64 


0.62 


0.60 


(First Stage) 














Cook Temperature 


80 *C. 


80 °C 


80 " C. 


80 


80 ° C 


80 '^C. 


(First Stage) 














Cokk Time After Reaching 


30 


30 


20 


30 


30 


30 


Cook Temperature 














(Minutes) 














(First Stage) 














Starting Tfemperature 


80 *C. 


80 C 


80" C 


80 C. 


80 C 


80 " C. 


(Second Stage) 














NaOHyCcllulosc Ratio 


0.65 


0.65 


0.40 


0.65 


0.65 


0.60 


(Second Stage) 














MeCl/Cellulose Ratio 


0.90/1.0 


0.90/1.0 


0.61 


0.90 


0.90 


0.82 


(Second Stage) 














MeCl Feed Rate (Minutes) 


30-35 


30-35 


30-35 


30-35 


30-35 


3(K3S 


(Second Stage) 














Cook Temperature 


80 *C. 


sec 


80" C. 


80 "C. 


80 °G 


80 "C. 


(Second Stage) 














Cook Time (Minutes) 


60 


60 


60 


60 


60 


60 


(Second Stage) 
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TABLES 



Product t*ropcrtLcs and Composition of Example 1-6 

Example 2 Example 3 Example 4 Example 5 Example 6 



Example 1 



McO % 
MeO DS 
V^cofiity (cP) 
Tea 

EM (Pascals) 
Meltback time 
(minutes) 



31.8 
1.96 
17,000 

105 M08 F. 
(40.6 ° C.-42.2 * C.) 
5445 
35 



31.3 

1.91 

26,000 

94 " E 

(34.4 ° C.) 

3423 

Stable 



29.9 

1.81 

30,000 

89 " F. 

(31.7 ° C.) 

3200 

Stable 



32.9 

2.03 

11,000 

122 ° F. 

(50 " C) 

3180 

17 



32.7 

2.01 

2600 

118 * F. 

(48 * C.) 

1460 

20 



26.9 
1.61 
330 

128 ° F. 
(54 * CO 
1470 
8 



EM — elastic moduitis in Pascals in a 1.5 percent aqueous solution; corresponds to gel strength. 

\^cosity-vi6cosity in 2 percent aqueous solution in centipoise (cP). 

McO % — percent methoxy substitution based upon weight of cellulose ether. 

MeO DS — methoxy degree of substitution. 

Tg^ — gelation temperature 

Stable- stable to meltback at room temperature for more than 8 hours at ambient temperature. 



"Wscosity (cP) 614 



TABLE 4 



Product Properties of Examples lA-lD and Examples 2A-2B 
Ex. lA Ex. IB Ex. IC Ex. ID Ex. 2A Ex. 2B 



219 



SI 



66 



357 



29 



EM (Pascals) 2250 
Meltback Time 20 
(Minutes) 



111 ^ F. (44 " C) 108 ° F. (42 ' C.) 103 F. (39 ° C.) 102 ° F (39 ° C.) 96 F. (36 ° C) 87 R (31 ° C.) 



1400 
40 



1390 
19 



1680 
25 



1080 
50 



569 
30 



TABLE 5 



TABLE 6 





Example 7 


Example 3 


Example 9 


NaOH/Cellulose Ratio 


0.55 


0.55 


0.55 


(First Stage) 








Starting Ibmperature 


30 " C 


30 '^C. 


30 ° C. 


(First Stage) 








MeCl/Ceilulose Ratio 


0.71/1.0 


0.70/1.0 


0.70/1.0 


(First Stage) 








Cook Temperature 


80 ° C 


75 " C. 


75 ° C. 


(First Stage) 








Cook Time (Minutes) 


60 


60 


60 


(First Stage) 








NaOH/Cellulose Ratio 


1.0 


1.0 


1.0 


(Second Stage) 








MeCl/Cellulose Ratio 


1.3/1.0 


1.3/LO 


1.30 


(Second Stage) 








MeCl Feed Rate (Minutes) 


30-35 


30-35 


30-35 


(Second Stage) 








Cook Temperature 


80 C 


80 " C. 


80 ° C. 


(Second Stage) 








Cook Time (Minutes) 


90 


90 


90 


(Second Stage) 








Venting of Reactor 


Yes 


Yes 


Yes 


Headspace After Completion 








of Second Stage 








NaOH/Cellulose Ratio 


1.0/1.0 


1.0/1.0 


1.0/1.0 


(Third Stage) 








Starting Tfemperature 


60 " C 


60 ° C. 


80 ° C. 


(Third Stage) 








MeCl/Cellulose Ratio 


1.4/1.0 


1.4/1.0 


1.4/1.0 


(Third Stage) 








Cook Temperature 


80 ° C 


80 "C. 


80 ° C. 


(Third Stage) 








Cook Time (Minutes) 


90 


90 


90 


(Third Stage) 









35 



Product Properties and Compositions for Examples 7-9 
Example 7 Example 8 Example 9 



MeO % 35.4 

MeO DS 2.20 

Viscosity (cP) 461,000 

EM (Pascals) 
Meltback time 
(minutes) 



36.1 
2.25 
26,000 



349 
2.17 
25,000 



113 ° F. (45 " C.) 113 " F. (45 " C.) 95 ° F. (35 ° C.) 



6900 
Stable 



7990 
Stable 



7565 
Stable 



EM-clastic modulus in Pascals in a 1.5 percent aqueous solution. 
45 Viscosity- viscosity in 2 percent aqueous solution in centipoise (cP). 
MeO %-percent methoxy substitution based upon weight of cellulose 
ether. 

MeO DS-methoxy degree of substitution. 

Stable-stable to meltback at room temperature for more than 8 hours at 
ambient temperature. 

50 What is claimed is: 

1. A process for making cellulose ether, the cellulose ether 
having a methoxy substitution of about 21 to about 42 
weight percent based upon the weight of the cellulose ether, 
the process comprising; 

55 a) a first stage comprising 

i) contacting a cellulose pulp with a first amount of 
aqueous sodium hydroxide at reaction conditioDS 
sufiEcienl to alkalize it to a first level of alkalization 
which is about 20 percent or more of a total level of 

60 alkalization; and 

ii) contacting the cellulose pulp of first level of alkal- 
ization with a first amount of a methylating agent at 
reaction conditions sufScient to form cellulose ether 
having a first level of methoxy substitution which is 

65 about 20 percent or more of a total level of methoxy 

substitution; and 
b) a second stage comprising 
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iii) contacting the cellulose ether of first level of 
methoxy substitution with a second amount of aque- 
ous sodium hydroxide at reaction conditions suffi- 
cient to alkalize it to a second level of alkalization 
which is about 40 percent or more of the total level 5 
of alkalization; and 

iv) continuously or incrementally contacting the cellu- 
lose ether of second level of alkalization with a 
second amount of a methylating agent over a period 
of time at reaction conditions sufficient to form a 
cellulose ether of a second level of methoxy substi- 
tution which is about 40 percent or more of the total 
level of methoxy substitution, the second amount of 
the methylating agent providing about 20 percent or 
more of the total level of methoxy substitution, the 
second amount of methylating agent being contacted 
with the cellulose ether of second level of alkaliza- 
tion at about 65* C. to about 120° C. for 15 minutes 
or more; and 

c) washing the cellulose ether of total level of methoxy 20 
substitution; and 

d) drying the cellulose ether of total level of methoxy 
substitution to a reduced moisture and volatiles content; 
and 

e) milling the cellulose ether of total level of methoxy 25 
substitution to a particulate form. 

2. The process of claim 1, wherein the second level of 
methoxy substitution is in the cellulose ether is less than the 
total level, contacting the cellulose ether with an additional 
amount or amounts of each of aqueous sodium hydroxide 30 
and a methylating agent in sequence at reaction conditions 
sufficient to form the cellulose ether of the desired, total 
level of methoxy substitution. 

3. The process of claim 1, wherein the second amount of 
methylating agent is added at about 75** C. to about 100** C. 35 
for 20 minutes or more. 

4. The process of claim 2, wherein the second amount of 
methylating agent is added at about 80° C. to about 90° C. 
for 25 minutes or more, 

5. The process of claim 3, wherein the methylation 40 
reaction is carried out at a temperature of about 65° C. to 
about 110** C. 

6. The process of claim 1, wherein the methylation 
reaction is carried out at a temperature of about 80° C. to 
about 90° C. 45 

7. The process of claim 1, wherein the process is a 
two-stage process, about 20 to about 80 percent of the total 
level of methoxy substitution being carried out in the first 
stage and about 80 to about 20 percent of the total level of 
methoxy substitution being carried out in the second stage. 50 

8. The process of claim 1, wherein the process is a 
two-stage process, about 40 to about 60 percent of the total 
level of methoxy substitution being carried out in the first 
stage and about 60 to about 40 percent of the total level of 
methoxy substitution being carried out in the second stage. 55 

9. A process for making cellulose ether, the cellulose ether 
having a methoxy substitution of about 21 to about 42 
weight percent based upon the weight of the cellulose ether, 
the process comprising: 

a) a first stage comprising 60 

i) contacting a cellulose pulp with a first amount of 
aqueous sodium hydroxide at reaction conditions 
sufficient to alkalize it to a first level of alkalization 
which is about 20 percent or more of a total level of 
alkalization; and 6S 

ii) contacting the celliilose pulp of first level of alkal- 
ization with a first amount of a methylating agent at 



reaction conditions sufficient to form cellulose ether 
having a first level of methoxy substitution which is 
about 20 percent or more of a total level of methoxy 
substitution; and 

b) a second stage comprising 

iii) contacting the cellulose ether of first level of 
methoxy substitution with a second amount of aque- 
ous sodium hydroxide at reaction conditions suffi- 
cient to alkalize it to a second level of alkalization 
which is about 40 percent or more of the total level 
of alkalization; and 

iv) continuously or incrementally contacting the cellu- 
lose ether of second level of alkalization with a 
second amount of a methylating agent over a period 
of time at reaction conditions sufficient to form a 
cellulose ether of a second level of methoxy substi- 
tution which is about 40 percent or more of the total 
level of methoxy substitution the second amount of 
the methylating agent providing about 20 percent or 
more of the total level of methoxy substitution, the 
second amount of methylating agent being contacted 
with the cellulose ether of second level of alkaliza- 
tion at about 65° C. to about 120° C. for 15 minutes 
or more; and 

a third stage comprising the following additional steps: 

v) contacting the cellulose ether of the second level of 
methoxy substitution with a third amount of aqueous 
sodium hydroxide at reaction conditions sufficient to 
alkahze it to a third level of alkalization; 

vi) contacting the cellulose ether of the third level of 
alkahzation with a third amount of methyl chloride at 
reaction conditions sufficient to form a cellulose 
ether having the desired, total level of methoxy 
substitution; 

c) washing the cellulose ether of total level of methoxy 
substitution; and 

d) drying the cellulose ether of total level of methoxy 
substitution to a reduced moisture and volatiles content; 
and 

e) milting the cellulose ether of total level of methoxy 
substitution to a particulate form. 

10. The process of claim 9, wherein about 20 to about 60 
percent of the total level of methoxy substitution is effected 
in each of the first and second stages and about 5 to about 
30 percent in the third stage. 

11. The process of claim 1, wherein the cellulose ether has 
a methoxy substitution of about 21 to about 35 weight 
percent- 

12. The process ether of claim 1, wherein the cellulose 
ether has a methoxy substitution of about 25 to about 35 
weight percent. 

13. The process of claim 1, wherein the cellulose pulp or 
the cellulose ether is contacted with propylene oxide in the 
first or the second stage in addition to the contact with the 
methylating agent at reaction conditions sufficient to form a 
cellulose ether having a methoxy substitution of about 21 to 
about 42 weight percent, based upon the weight of the 
cellulose ether, and having hydroxypropyl substitution, 

14. The process of claim 1, wherein the cellulose pulp or 
the cellulose ether is contacted with butylene oxide in the 
first or the second stage in addition to the contact with the 
methylating agent at reaction conditions sufficient to form a 
cellulose ether having a methoxy substitution of about 21 to 
about 42 weight percent, based upon the weight of the 
cellulose ether, and having hydroxybutyl substitution. 

15. The process of claim 1, wherein the cellulose pulp or 
the cellulose ether is contacted with ethylene oxide in the 
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first or the second stage in addition to the contact with the or the second stage in addition to the contact with the 

methylating agent at reaction conditions sufl&cient to form a methylating agent at reaction conditions sufficient to form a 

cellulose ether having a methoxy substitution of about 21 to cellulose ether having a methoxy substitution of about 21 to 

about 42 weight percent, based upon the weight of the about 42 weight percent, based upon the weight of the 

cellulose ether, and having hydroxyethyl substitution. 5 cellulose ether, and having ethoxy substitution. 

16. The process of claim 1, wherein the cellulose pulp or 

the cellulose ether is contacted with ethyl chloride in the first ***** 
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